Weather Research and Forecasting Reanalysis (WRF-NARR)
138 WRF-ARW reanalysis runs were performed using the NCEP North American Regional Reanalysis 168 The High Resolution Rapid Refresh (HRRR) system is a nest inside of the NCEP-Rapid Refresh Model performance was quantified in terms of the mean bias, root-mean-square error (RMSE), 264 and standard deviation of the error (SDE):
High Resolution Rapid Refresh (HRRR)
where φ' is the difference between simulated and observed variables and N is the number of 269 observations. 270
Case selection

271
We selected a five-day period from July 15-19 2010 for model evaluations. This specific period 272 was chosen because it included periods of both strong and weak external forcing, conditions 273 were consistently dry and sunny, and was a period for which we were able to acquire forecasts 274 from all NWP models selected for investigation in this study. 
The observed data from the five-day period were broken into periods of upslope, downslope, 277 and externally-driven flow conditions to further investigate model performance under these 278 particular types of flow regimes. We used the partitioning schemes described in Butler et al. Statistical metrics were computed for these five-day periods. 287 We also chose one specific hour representative of each flow regime within the 5-day period to Poor model accuracy at higher speeds is largely due to the models under predicting windward 309 slope and ridgetop wind speeds. Observed speeds at these locations were often three or four 310 times higher than speeds in other locations in the study area (e.g., note the spatial variability in The NWP forecasts predicted the overall temporal trend in wind speed (Fig. 3) , but 333 underestimated peak wind speeds due to under predictions on ridgetops and windward slopes 334 as previously discussed, and also occasionally in the flat terrain on the Snake River Plain 335 surrounding the butte (Fig. 4) .
336
NWP models with coarser resolution grids predicted less spatial variability in wind speed (Fig.   338 3). This is because there were fewer grid cells covering the domain, and thus fewer prediction 339 points around the butte. The spatial variability in the downscaled wind speed predictions more 340 closely matched that of the observed data, although the highest speeds were still under 341 predicted (Fig. 3) the observed winds at BSB (Fig. 3) and, although the reductions were small in some cases, 361 nearly all statistical metrics also improved with downscaling. The analysis is broken down by 362 flow regime in the next section for more insight into model performance. 
Wind speed
The biggest improvements in wind speed predictions from downscaling occurred during 378 externally-driven flow events (Fig. 5) . This is not surprising since the highest spatial variability in 379 the observed wind speeds occurred during high-wind events due to mechanically-induced 380 effects of the terrain, with higher speeds on ridges and windward slopes and lower speeds in 381 sheltered side drainages and on the lee side of the butte (Fig. 6-8 The NWP models tended to under predict wind speeds on the windward slopes, ridgetops, and There were consistent improvements in predicted wind speeds from downscaling during the 396 upslope regime, although the improvements were smaller than for the externally-driven regime 397 (Fig. 5) . Wind speeds were lower during the slope flow regimes than during the externally-398 forced regime (Fig. 6-8) , and thus, smaller improvements were possible with downscaling.
399
There was some speed-up predicted on the windward side of the butte during the 400 representative upslope case which appeared to match the observed wind field (Fig. 8) .
402
Results were mixed for the downslope regime, as wind speeds improved with downscaling for 403 WRF-UW and NAM, but not for WRF-NARR or HRRR (Fig. 5) . The poor wind speed predictions 404 from HRRR during the downslope regime is partly due to the fact that HRRR tended to over 405 predict early morning winds associated with down drainage flows on the Snake River Plain.
406
These errors were amplified by the downscaling, especially at ridgetop locations (Fig. 4) . In 
Wind direction
434
The biggest improvement in wind direction predictions from downscaling occurred during the 435 downslope regime (Fig. 5) . Wind direction improved with downscaling for all NWP models southwest and northeast faces of the butte (Fig. 7) . Downscaling reduced speeds on the 440 northwest (windward) side of the butte, but did not predict strong enough downslope flow in 441 this region to reverse the flow from the prevailing northwest direction (Fig. 7) . This again 442 suggests that perhaps the diurnal slope flow algorithm is predicting overly weak slope flows.
444
Wind direction predictions during the upslope regime also improved with downscaling for all 445 NWP models except HRRR (Fig. 5) . Downscaled winds for the representative upslope case were 446 oriented upslope on the southwest (lee side) of the butte and matched the observed winds in 447 this region well (Fig. 8) . This is an improvement over the NWP wind directions on the lee side of 448 the butte. the downscaling does not improve directions on the lee side of the butte (Fig. 7) . This is an 
